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SPECIFICATION 



Coating composition 

5 This invention relates to a coating composition and, in particular, to an aqueous coating composition 5 
suitable for coating substrates to render the substrates abrasion-resistant. Even though the primary 
objective is to obtain a coating which is extremely difficult to abrade, it is often the case that one has to 
balance other factors against such an objective in orderto obtain a coating which is commercially 
acceptable. For example, abrasion-resistant coatings are available which give the ultimate in abrasion- 

10 resistance but they are expensive and quite often do not exhibit good adhesion on solid substrates. There 10 
are other coatings, however, that have excellent adhesion on solid substrates but these lack good abrasion 
resistance. Other coatings lack flexibility but are economical. 

Generally, the coatings available today enjoy limited commercial success because they are economical but 
do not have all of the properties needed for good abrasion-resistance coatings. 

1 5 Generally good abrasion resistant coatings have been described In U.S. Patent No. 3,986,997 which consist 1 5 
of an aqueous solution of a colloidal silica and a hydrolyzable alkyi silane. These coatings are excellent 
coatings but tend to be somewhat expensive. On the other hand, there are less expensive coatings based on 
urethanes but they do not have good abrasion-resistant properties. 

Melamines have been known for some time, mostly as crosslinking additives for urethane polymers and 

20 other organic polymers. Just recently, the melamines have been used in larger proportions m polymenc 20 
mixtures. For example, in French Patent No. 2.194,734, alkyd resins (caster oil-modified), methacrylate/ 
vinyltoluene copolymers with hexakis-(methoxymethyl)melamine were used ascoatmgsto give improved 

surfaces. . . 

Melamines have also been mixed with alkoxysilanes and cured onto substrates as coatings as shown in 

25 German Patent Publication No. 2,436,191. The coatings were claimed to have good resistance to chemicals 25 
and abrasion. The melamine is claimed also to give increased adhesion compared to the same coatings 
without the melamine. Similar coatings were prepared using mixtures of siloxanes and alkylated 
melamine-formaldehyde polymers. ^ 

Several coatings have been prepared which contain, in addition to the melamine, silicates which are 

30 prepared utilizing several different starting materials, for example, tetraalkoxysilanes shown in Japanese 30 
Patent Publication No. 80175/1973; silicic acid as shown in Swiss Patent No. 545,835; ethylsiiicate as shown 
in Japanese Patent Publication No. 41431/1974; and silica sols as shown in Japanese Patent Publication No. 

58732/1977. _ 1. . , u *u 

None of these references, however, describe the type of coating one would expect by including both 
35 colloidal silica and a hydrolyzable silane in a curable melamine resin. The present invention is based on such 

a combination. ^. • ^ * i-^ 

We have discovered an economical, abrasion resistant coating that gives good adhesion to most solid 
substrates. The coating comprises melamine-fomnaldehyde resins, colloidal silica and hydrolyzable 
alkyisilanes, which results in better abrasion resistance with concurrent adhesion to solid substrates than 
40 those melamine coatings containing either the colloidal silaca of the hydrolyzable alkylsilane by themselves. 
Thus, the present invention provides an aqueous coating composition consisting of 

(A) 10-95 percent by weight, based on the weight of components (A), (B) and (C) of a melamine- 
formaldehyde resin; / . X II I •!• 

(B) 5-90 percent by weight, based on the weight of components (A), (B) and (C) of a colloidal silica; 
45 {C) 0.5-1 0 percent by weight, based on the weight of (B) and (C) of a silane having the genera! formula : RS 

(0R')3 wherein R is selected from methyl, ethyl, vinyl, gamma-chloropropyi, gamma- 
methacryloxypropyl, gamma-gyicidoxypropyl and me rcapto propyl; R' is an alkyl group having 1-4 
carbon atoms or an alkoxy-aikyi radical wherein the alkyl group has 1 or 2 carbon atoms; 

(D) 50-90 weight percent, based on the weight of (A), (B), (C) and (D) of water and a water miscible organic 
50 solvent selected from lower aliphatic alcohols, ketones, esters, glycols, glycol ethers and glycol esters 

wherein 1 -70 weight percent of (D) is water and, 

(E) l-IOpercent, based on the weight of (A) of a curing agent. , -„ ^ * 
According to the invention, component (A) is a melamine-formaldehyde resin common to those skilled m 

the art. Such resins are well known in the chemical arts and do not need elaborate discussion herein. Those 
55 resins preferred to this invention are those having the general formula: 



35 



40 



i 45 



50 



55 



60 



60 ^^I'^i 

wherein Ri and R2 are selected from hydrogen, -CH^OH, -CH^OR" wherein R" is an alkyl group of 1-4 carbon 
atoms. Ri and R2 may each be selected independently from the above groups and Ri and R2 may be the same 
or different. Such commercial melamine res! are, for example, a series of resms manufactured by the 
65 American Cyanamid Company, Wayne, New Jersey, U.S.A., and sold under the tradename Cymel (Trade 65 
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Mark). 

Component (A) is utilized at 10-95 percent by weight based on the weight of conn pone nts (A), (B) and (C) in 
the composition. Preferred amounts are from 40 to 60 percent by weight. 

The second component of the composition according to the invention, component (B) is a colloidal silica. 
5 These colloidal silicas have particle sizes in the range of 1-100 mjx and can be either acidic or basic. These 
colloidal silicas are commercially available and specific examples of such commercial colloidal silicas are 
those sold under the tradenames Ludox (Trade mark) AS-40, Nalcoag (Trade Mark) 1030 and Nalcoag (Trade 
Mark)1034A. 

The colloidal silica is present in the invention composition from 5-90 weight percent of the total solids in 
10 the composition. The preferred amount if from 30-70 weight percent. 

Component (C) is a silane. Silanes useful in this invention have the general formula RSi(OR')3 wherein R 
and R' are as previously defined. Specific examples where R' is an alkoxyalkyi radical are -CH2OCH3, 
-CH2CH2OCH3, -CH2OCH2CH3, -CH2OCH2CH2CH3 and -CH2OCH2CH2CH2CH3. 

The silanes of component (C) are present in the composition from 0.5-10 percent by weight based on the 
15 weight of (B) and (C) in the composition. The preferred amount of silane present in the composition is 2 to 6 
weight percent. 

Component (D) of the inventive composition is water and a water miscible organic solvent selected from 
lower aliphatic alcohols, ketones, esters, glycols, glycol ethers and glycol esters. By "lower" we mean 
organic aliphatic alcohols having 1 -4 carbon atoms. Examples of useful ketones are acetone, methyl ethyl 
20 ketone and methyl iso-butyl ketone. Examples of useful esters are ethyl acetate and methyl acetate. By the 
use of the term "glycols", we mean organic polymeric materials that have been prepared from alkylene 
oxides and which have molecular weights sufficiently low to be liquids at room temperature. Specific 
examples of glycols useful in this invention are ethylene glycol and diethylene glycol. 

Glycol ethers are those solvents composed of low molecular weight polymeric materials described as 
25 glycols, above, which have ether end caps. Examples of materials useful in this invention are ethylene glycol 
monomethyl ether and ethylene glycol monoethyl ether. 

Glycol esters are similar to glycol ethers but instead of ether end caps, they have ester end caps. An 
example of such a solvent is 2-hydroxy ethyl acetate. 

Component (D) is used in this invention from 50-90 weight percent based on the weight of (A), (B), (C) and 
30 (D) components in the invention. Preferred amounts forthis invention are from 50 to 70 weight percent. 
The proportion of water in the aqueous compositions is dependent on the water-miscible solvents used, 
the type of melamine resin used and the type of silanes. Generally, the water can be present from 1-70 
weight percent of the non-solids present in the composition. Thus, the water-miscible solvents present in the 
non-solids portion of the composition should be from 39-99 weight percent. Preferably, the non-soiids 
35 portion of the composition should contain less than 50 weight percent water. 

Another component of this invention, component (E), is a curing agent for the melamine. 
In some cases where an acidic colloidal silica sol is used as the starting material, there is enough residual 
acid to give the final composition cureability. Generally, however, additional curing agents are required, 
especially if the end application requires accelerated cure. The usual curing agents for curing melamine- 
40 formaldehyde resins can be used in this invention. Such curing agents are for example p-toluenesulphonic 
acid; inorganic mineral acids such as hydrochloric acid; organic acids such as acetic acid; amine salts (e.g., 
NH4CI) and metal salts (e.g. AI(N03)3). 

Generally, 1-10 weight percent of curing agent is required in this invention, based on the amount of 
melamine resin used (melamine solids). Greater amounts can be used but serve no useful purpose and are 
45 uneconomical. Examples of commercially available curing agents are 
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Catalyst 4040 (Trade Mark) 



p-toluene sul- 
phonic acid 



40% in isoprop- 
panol 



50 Cycat (Trade Mark) 296-9 



Alkyl phos- 
phoric acid 



50% in iso- 
butanol 



50 



Cycat (Trade Mark)600 



liquid org- 
anic acid 



55 



70% in iso- 
propanol 



All are available from American Cyanamid Company, industrial Chemicals Division, Resins Department. 

The total solids in the composition according to the invention ranges from 10-50 weight percent based on 
the total composition. Preferred for most applications is a range of 20-35 weight percent for best results. 
Generally, the manner in which the components are mixed together is not critical because the cure to 
60 achieve the final coating is not spontaneous, that is, the coatings have to be heated to cure them. 

Thus, a preferred method is to add the desired silane i.e., component (C) to a given quantity of component 

(B) while stirring. In order thoroughly to hydrolyze the silane and make the mixture of components (B) and 

(C) homogeneous, the mixture is generally stirred for a few minutes to a few hours. Generally, the mixture is 
homogeneous in 1 hour or less. Then a second solution is prepared which contains the melamine resin 

65 dissolved by simple mixing in the desired water miscible solvents. Finally, the two solutions are mixed 
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together with enough mixing to homogenize them, the curing agent is stirred in and homogenized. 

The coating is then coated on a substrate using conventional means appropriate to the particular 
substrate. For example, one can use dip coating, flow coating, spin coating or a spraying technique. 

The coatings are then cured by heating them to elevated temperatures. Generally, the time and 
5 temperature of cure are dependent on the ultimate composition according to the invention. Especially 

important are the type of melamine resins used and the type of catalysts used. Generally, the coatings can be 
cured, to give good properties, at temperatures ranging from 75 to 200*'C. Most preferred are temperatures 
ranging from 90 to 11 5°C. The time of cure is dependent upon the temperature utilized. Generally, from 2 to 
24 hours is sufficient for good cure. Preferred are 8 to 1 6 hours for optimum performance of the coating. 
10 Generally, primers can be used on the substrates to enhance the adhesion of the coatings. The priming is 
not generally needed with the composition according to the invention but under certain circumstances. It 
may be required. 

Other optional components may be added to the inventive composition in order to enhance other needed 
properties. For example, ultraviolet stabilizers are often required on some transparent plastic applications 

1 5 and any ultraviolet stabilizer which is compatible with the composition is acceptable. Other materials such as 
pigments, fillers and dyes may also be added to the composition. 

The following examples and samples are included to further illustrate the invention. Whenever used 
herein, the abbreviations Ph, Me, Et, Vi and Bu mean phenyl, methyl, ethyl, vinyl and butyl respectively. 
The abrasion resistance was determined according to ASTM Method D1 044-76. The instrument was the 

20 Tabor Abraser. A 500 gram test toad was used with CS-1 OF abrasive wheels and the test panels containing 
the coatings were subjected to 500 revolutions on the abrasertumtabie. The percent change in haze which is 
the criterion for determining the abrasion-resistance of the coating is determined by measuring the 
difference in haze of the unabrased and abrased coatings. Haze is defined as that percentage of transmitted 
light which in passing through the specimen deviates from the incident beam by forward scattering. In this 

25 method, only light flux which deviates more than 2.5 degrees on the average is considered to be haze, the A 
haze on the coatings was determined by ASTM Method D1 003-61 . A Hunter Haze Meter, Gardner Laboratory, 
Inc. was used. The A haze was calculated by measuring the amount of diffused light, dividing by the amount 
of transmitted light and multiplying by one hundred. 
Adhesion was measured by the Crosshatch Adhesion Test wherein a 1 inch square portion of the cured 

30 coating was scored to give a 1/8 inch grid. Adhesive tape (No. 600 adhesive sold by the 3M Company, St. 
Paul, Minnesota, U.S.A.) was pressed onto the grid and removed quickly. The adhesion of any portion of the 
grid coat is reported in percent adhesion. 

Si/anes 

(CH3o)3Si(cH03OCHiCH-CHi 

o 

(CH30)3Si(CH2)300CCH=CH2 
I 

CH3 

<CH30)3Si(CH2)3SH 
(CHaOaSiCHa 
{CH30)3Si(CH2)3CI 
(CH30)3SiCH=CH2 
(CH30)3Si(CH2)3SCH2CH(CH2H)2 
(CH30)3Si(CH2)2SCH2COOH 
55 Meiamine Resins 

All information on Cymel (Trade Mark) resins used in this invention can be found in a publication entitled 
"Resinews", American Cyanamid Co., May, 1977. Uformite MM83 is a product manufactured by the 
Reichhold Chemical Company. Uformite MM83 is a melamine-Formaldehyde resin, 78-82% non volatiles in 
isopropanol/isobutanol. 

60 

Example 1 
Two dispersions were prepared: 

Dispersion A: Silane I (2.4 grams) was added slowly with stirring to a colloidal silica which was about 34% 
SiOa, 20 mfx particle size and had a pH of 3.2 which had been placed in a 250 ml. glass beaker. The dispersion 
65 was stirred for one hour after all the silane had been added. The dispersion was homogeneous. 
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Dispersion B: Cymel (Trade Mark) 303 was dissolved, with stirring, in a solvent solution consisting of 2:1 
weight ratio of isopropanol and n-butanoi to give a 25 weight percent solids dispersion. 

The coating composition consisted of mixing 14:7 grams of Dispersion A and 20 grams of Dispersion B 
and an additional 5.7 grams of a 2:1 weight ratio of isopropanol//)-butanol. After thorough mixing, 0.13 
5 grams of para-toluene sulfonic acid (Catalyst 4040 Trade Mark) was added and the mixing continued until the 5 
whole composition was homogeneous. This material was designated la. Similar compositions were 
prepared in essentially the same manner as set forth above except that the type of silane and the quantity 
were changed. These examples are set forth on Table I with the results from abrasion testing. The 
compositions in Example 1 were cured at 1 10X for 16 hours after being coated onto 10.2 cm x 10.2 cm x 
10 0.64 cm. polycarbonate panels by a flow coating technique which consisted of puddling the solution on the to 
panel, spreading the solution to the edges and draining the excess by standing the panel on end. The 
polycarbonate paneling (Lexan (Trade Mark)) was manufactured by General Electric Co., Pittsfield, 
Massachusetts. - 

15 Example 2 15 
In this example, Uf ormite MM83 was substituted for the Cymel (Trade Mark) resin in Example 1 . Therefore. ^ 
for purposes of this example, Dispersion B was prepared by mixing 62.5 grams of Uformite MM83, 50 grams 
of n-butanol and 87.5 grams of isopropanol. This change in solvent weight was due to the fact that MM83 is 
supplied as approximately 80% solids in isopropanol/isobutanol. These compositions were coated onto 

20 polycarbonate panels as was done in Example 1 and cured for 16 hours at 11 0°C. The results can be found in 20 
Table I. 

Example 3 

The samples of this example were prepared as in Example 1(b) except the melamine resin was Cymel 
25 (Trade Mark) 370. The curing agent was Cycat (Trade Mark) 296-9 and the cure was 1 10°C for 1 6 hours. The 25 
results can be found in Table I. 

Example 4 

This example was carried out as shown in Example 3 except the melannine resin was Cymel (Trade Mark) 
30 325. The results can be found in Table I. 30 

Example 5 

This was the same as Example 1 except the resin was Cymel (Trade Mark) 385 and the curing agent was 
Cycat (Trade Mark) 296-9. The results can be found on Table I. 
35 35 
Example 6 

Dispersions were prepared essentially as in Example 1(b) except that the ratio of melamine solids (using 
Cymel (Trade Mark)303) to the silica/silane solids was varied from 100:0 to 10:90. The total solids was 
maintained at 25 percent in a 2:1 weight ratio of isopropanol/n-butanol solvents. Catalyst 4040 (Trade Mark), 
40 was added at 1% based on the melamine resin weight. The dispersions were coated on polycarbonate panels 40 
and cured 1 6 hours at 1 1 0X. The panels were abraded and the results are shown in Table II. 

TABLE II 

45 % A Haze on Samples^ Example 6 45 

Sample Melamine/Si02 % A Haze _ 

6a 50:50 5.0 

50 6b 70:30 8.6 50 

6c 90.10 12.4 

6d 100:0 18.2 

Example 7 

55 Example 1 (b) was repeated except that the solvents and solvent combinations were changed as shown in 55 
Table III. 

Example 8 

This example was carried out to determine if the method of formulation was critical. Uformite MM83was 
60 the melamine resin and the silane was silane II. 
Method: 

I The silane and melamine (25% in 2:1 IPA/BuOH, weight basis) were added simultaneously to the 
silica. 

II The silica/silane were mixed together and then homogenized. The melamine was added to the 

65 silica/silane after the silica/silane was aged for one hour. ®^ 
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10 



15 



20 



Hi The silica and melamine were mixed and aged one hour. The silane was then added. 
In each method, the melamine/silica ratio was 50:50 and total solids was 25% in 2:1 IPA/BuOH weight ratio. 
Catalyst 4040 (Trade Mark) was added at 1% of the melamine weight. The materials were flow coated on 
polycarbonate panels and cured for 1 6 hours at 1 1 0°C. The results are shown on Table IV. 

Examie 9 

This example shows the effect of the concentration of curing agent versus film abrasion resistance. The 
results are in Table V. 

This material was prepared as in Example 2(b) except that the solvent was a 50/50 weight percent mixture 
of isopropanol/butylcellosolve. The catalyst was Cycat (Trade Mark) 296-9 and was added at 0-10% of the 
melamine weight. 

Also in this example, the effect of different curing agents was tested using Catalyst 4040 (Trade Mark) and 
Cycat (Trade Mark) 600 which were added at 2 weight percent based on the melamine present. The samples 
were cured at 110°C for 16 hours after flow coating on polycarbonate panels. 

Example 10 

The effect of varying silane content on film hardness was studied. The resin used was MM83 and the 
catalyst was Catalyst 4040 (Trade Mark). The preparation of the examples was carried out as in 1 (b) except 
that the total solids was 34% in butyl cellosolve. The catalyst was added at 1% of the melamine resin weight. 
Polycarbonate sheets, Lexan (Trade Mark), were flow coated and cured overnight at 1 1 0°C. The results are 
given in Table VI. 

TABLE VI 
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Type of 




25 




Sample 


% silane 


Silane 


% A Haze 






a 


0 


None 


9.6 






b 


2.49 


VI 


8.2 




30 


c 


5.00 


VI 


2.6 


30 




d 


7.49 


VI 


B.6 






e 


9.99 


VI 


8.2 






f 


0 


None 


9.3 






g 


2.47 


ill 


7.0 




35 


h 


5.03 


III 


6.4 


35 




i 


7.49 


til 


5.0 






j 


10.01 


III 


7.4 





40 



45 



Example 1 1 

The curing conditions of the various combinations of silanes and a melamine resin were studied. The 
melamine was used in a 50:50 ratio with the colloidal silica and the silanes were added at 5 weight percent of 
the colloidal silica present. Catalyst 4040 (Trade Mark) was added to each sample at 1 weight percent based 
on the melamine resin present. The solutions were coated on polycarbonate sheet, Lexan (Trade Mark), by a 
flowcoat method. The results are on Table VII. 

TABLE VII 



40 



45 



50 



55 



60 





Cure Time/ 


Type 


% 


Sample 


Temp. 


Silane 


A Haze 


a 


16 hr. 


III 


3.9 


b 


16 hr. 


III 


4.2.. 


c 


8hr. 


III 


4.9 


d 


4hr. 


111 


4.3 


e 


2hr. 


ill 


11.9 


f 


16 hr. 


1 


3.6 


g 


16 hr. 


1- 


4.0 


h 


8hr. 


1 


5.4 




4hr. 


1 


7.4 


j 


2hr. 


1 


11.1 



50 
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Example 12 

This experiment shows the effect of varying the type of melamine resin. The samples were prepared 
essentially as in Example 1 1. The samples were cured atl 10°C. for 16 hours after coating on polycarbonate 
Lexan (Trade Mark) sheets. The catalyst was indicated in the table below and was used at 1 % based on the 
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melamine resin present. The melamine/colloidai silica ratio was 50:50 and 5% of the silane based on the 
amount of colloidal silicas was used. 



5 Sample 

a 
b 
c 
d 



10 



15 



20 



25 



Melamine 

Cymel (Trade Mark) 303 
Cymel (Trade Mark) 385 *2> 
Cymel (Trade Mark) 370 '2> 
Cymel (Trade Mark) 325 *2» 



Type 
Silane 

IV 
IV 
IV 
IV 



% A Haze 

6.1 
4.0 
4.2 
3.4 



*''»Catalyst4040 
*2)Cycat 296-9 

Example 13 

This example was carried out to show that the source of silica for the composition according to the 
invention is critical. Experiments were carried out in which the silica was colloidal silica obtained according 
to the specification herein. Another silica was obtained by hydrolyzing ethylorthosiiicate: ethylsilicate, 
(EtO)4Si, where EtO is ethoxy, was hydrolyzed using 100 grams of (EtO)4Si, 70 grams of isopropyl alcohol 
and 30 grams of 0.65 N HCI wherein the three were mixed together and stirred until homogeneous. One-half 
of this hydrolyzate was used fresh and the other one-half was aged for one month. The solids content of 
these solutions was 14.5%. These materials were designated la and lb respectively. A second material was 
prepared from a material manufactured by the Nalco Chemical Co., Chicago, Illinois, U.S.A.,and sold under 
the tradename Nalcoag (Trade Mark) 1034A {34% SiOz in water) by simple dilution with alcohol to 14.5% 
solids. This material was designated II (See below). A third material was prepared from Nalcoag (Trade 
Mark) 1 129 by diluting to 14.5% solids. This material was designated 111 (see below). 



30 



42.6 grams Nalcoag (Trade Mark) 1034A 
32.0 grams Isopropyl alcohol 
25.4 grams ethanol 



48.3 grams Nalcoag 
(Trade Mark) 11 29 

14.7 grams Isopropyl 
alcohol 

37.0 grams ethanol 
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45 



50 



55 



Note that Nalcoag (Trade Mark) 1129 is 30% SiOz in a 60:40 mixture of isopropanol and water. 
Cymel (Trade Mark) 303 was dissolved in butyl cellosolve at 25% solids. 

Using the above solutions, several samples were prepared, coated on polycarbonate panels, cured at 
1 1 0X for 16 hours, and evaluated to show the difference in the source of "SiOz". The catalyst was Catalyst 
4040 (Trade Mark) and was used in 0.6 grams in each sample. The results are shown in Table VIII. 

Note that samples g and h fall within the scope of this invention and sam ples a-f do not. It can be observed 
that the compositions according to the invention give superior results compared to the prior art. 

Example 14 

The materials of this invention were compared with U.S. Patent 3,935.34S for abrasion resistance of cured 
coatings. Since the concept of adding larger quantities of melamine resins (other than crosslinker quantities) 
;to^iloxanes has been shown in the above.patent, it follows that these materials should be compared to the 
materials of the instant invention to show the advantages of including colloidal silica in the coating 
formulation. 

The materials were preparedfollowing Example 1 of the U.S. Patent No, 3,935,346. The materials were 
coated and cured according to the patent and then evaluated by the abrasion test described in this 
specification. All A haze readings on the patented compositions were between 20 and 25 as compared to 
samples g and h in Example 13 above. 



Example 1.5 j -rt, -i 

In this example, the effect of varying the ratio of melamine resin to silica content was evaluated. The silane 
used in all cases was CH3Si{OCH3)3 and was used at 5% of the silane/silica solids. Two solutions were 
prepared: 

Solution A was Cymel (Trade Mark) 303 diluted to 25% solids resin with 1 :1 weight ratio of 
60 isopropanoI/2-butoxyethanol. 

Solution B was 95 parts (solids) of the colloidal silica of Example 1 and 5 parts of CH3Si{OCH3)3. 
After mixing, samples 2 through 6 were diluted to 25% total solids with 1:1 isopropanol/2-butoxyethanol. 
All solutions were catalyzed with Cycat (Trade Mark) 600 at 2% of the melamine solids weight. The solutions 
were well mixed and filtered through a. 1.2 micron fiUer. EacKsample was flow coated on two separate 
65 polycarbonate panels measuring 0.32 cm x 10.2 cm x 10.2 cm. that had been cleaned with hexane and 
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7 



butanoi and which had been heated for one hour at 120**C and cooled before coating. After coating, the 
panels were air dried and then heated 16 hours at lOO^C. The following table shows the results of adhesion 
and abrasion resistance testing. 



5 


Sample No. 


% adhesion 


% A haze 




1 


100 


18.7 




2 


100 


10.9 




3 


100 


7.1 


10 


4 


>90 


4.4 




5 


25 


7.0 




6 


(1) 


(1) 



(1) the coating was flaky and could be rubbed off the panel. 
15 15 
Example 76 

Solutions were prepared similarly as in Example 1 except the type of silane used in Solution A was either 
VI or Vli. The colloidal silica was the same as was used in Example 1 . Cyme! (Trade Mark) 303 was the 
melamine resin, the solvents were isopropanol and butyl-cellosolve and catalyst was Catalyst 4040 (Trade 
20 Mark). The quantities of each are shown in the following table and the isopropanol/butylcellosolve was a 20 
50/59 weight ratio mixture. Panels of polycarbonate 0.32 cm. x 10.2 cm. x 10.2 cm. were flow coated after 
being cleaned and treated similar to the panels in Example 15. The panels were flow coated and then air 
dried and then cured 16 hours at 100°C. Samples 2,4, 6, 8 are duplicate panels of 1, 3, 5 and 7 respectively. 
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IAdLc I 










Abrasion Hesistance 






S 




Control was uncoated polycarbonate sheet 




5 




Example 


Silane 


% A Haze 






Control 





25.0 




10 


1a 


1 


3,1 


10 




lb 


11 


4.5 






1c 


111 


5.0 






Id 


IV 


4.7 






1e 


V 







15 


If 


VI 


1.6 


15 




ig 


VII 


6.0 






1h 


VIN 


4.1 






2a 


1 


3.0 




20 


2b 


11 


2.9 


20 




2c 


111 


2.3 






2d 


IV 


3.2 






2e 


V 


6.2 






2f 


VI 


2.6 




25 








25 




3a 


1 


6.3 






3b 


11 


3.0 






3c 


111 









3d 


IV 


4.8 




30 


3e 


V 


— 


30 




3f 


VI 


— 






4a 


1 








4b ' 


11 


— 




35 


4c 


III 





35 




4d 


IV 


2.2 






4e 


V 









4f 


VI 


. 




40 


5a 


1 


4.9 


40 




5b 


II 








5c 


III 








5d 


IV 


5.0 






5e 


V 






45 


5f 


VI 




45 
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Sample 
7a 
7b 
7c 



15 



20 



TABLE III 

Results of Abrasion Resistance Testing, Example 7 
(IPA is isopropanoi and BuOH is /7-butanoI) 



Melamine 

Cymel (Trade Mark) 303 



Solvents/ 
ratios 

!PA/BuOH2:1 

butycicellosolve 

Butylcellosolve/lPA 
1:1 



Sample 

7a 
7b 
7c 



% A Haze 

7.4 
6.8 
4,5 

TABLE IV 



Silane 
II 
II 
II 

% Adhesion 

100 
100 
95 



Sample 


Silane 


iVethod 


Melamine 




% Adhesion 


% A 


25 














8a 


it 


1 


Uformite MM83 




100 


5.4 


8b 


II 


2 


It 




100 


7.3 


30 8c 


II 


3 


a 




100 


7.0 








TABLE V 










Sample 




Curing Agent 


% 




%AI 


35 
















a 




Catalyst 4040 


0 




10.4 








{Trade Mark) 










b 




« 


1 




6.8 




c 




If 


3 




7.3 


40 


d 






5 




2.9 




e 




u 


5 




3.6 




f 




tt 


7.5 




4.9 




g 




II 


10 




4.3 




h 






2 




6.7 


45 


1 




Cycat (Trade 


2 




5.0 








Mark) 600 










j 




Catalyst 4040 


2 




6.0 








(Trade Mark) 










k 




Cycat (Trade 


2 




4.7 


50 






Mark) 600 . 









10 



15 



20 



25 



30 



35 



40 



45 



50 



10 
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Sample 



5 a 
b 
c 
d 
e 

10 f 

g 

h 



Grams lA 
20 

20 



TABLE VIII 
grams IB 

20 
20 



grams 11 



20 



20 



grams 111 



20 



10 



20 



15 Sample 



a 
b 
c 
d 
e 
f 

g 

h 



20 



25 



Sample No. 



grams 
Cymel 303 

12.2 
12.2 
12.2 
12.2 
12.2 
12.2 
12.2 
12.2 

Ratio 

melamine resin/ 
silica 



Silane III 
grams 

0 
0 
0 
0 

0.3 
0.3 
0.3 
0.3 



Grams Sol. A 



% A Haze 

Coating Flaked off 

15.7 
6.8 

Coating Flaked off 

n 

1.4 

2.7 

Grams Sol. B 



15 



20 



25 



30 1 
2 
3 
4 
5 

35 6 



100/0 
90/10 
70/30 
50/50 
30/70 
20/80 



16 
18 
28 
20 
12 
8 



1.4 
8.4 
14.1 
19.7 
22.5 



30 



35 



Sample No. 



40 1 
2 
3 
4 
5 

45 6 
7 
8 



gms 
Silica 

14.7 
14.7 
14.7 
14.7 
14.8 
14.8 
14.7 



gms 

Cymel 303 

21 
21 
21 
21 
21 
21 
16.7 



gms/lPA 
Butyl cello solve 

5.8 
5.8 
5.8 
5.8 
5.8 
5.8 
8.5 



gms 

Catalyst 4040 



40 



45 



50 Sample No. 



gms 

Silane IV 



gms 

Silane VIII 



gms 

Silane VII 



50 



55 



60 



1 
2 
3 
4 
5 
6 
7 
8 

CLAIMS 



0.5 
0.5 



1.75 



.35 
.35 



0.6 



55 



60 



65 



1 . An aqueous coating composition comprising : 
(A) 10-95 percent by weight, based on the weight of components (A), (B), and (C) of a melamine- 
formaldehyde resin; 



65 
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(B) 5-90 percent by weight, based on the weight of components (A), (B) and (C) of a colloidal siiica; 

(C) 0.5-1 0 percent by weight based on the weight of (B) and (C) of a silane having the general formula : 

RSi(OR')3 

5 5 
wherein R is selected from methyl, ethyl, vinyl, gamma-chloro propyl, gamma-methacryloxypropyi, 
gamma-glycldoxy propyl and mercaptopropyl; 

R' is an alkyi group having 1-4 carbon atoms or an alkoxyalkyi radical wherein the alkyl group has 1 or 2 
carbon atoms; 

10 (D) 50-90 weight percent, based on the weight of (A), (B), (C) and (D) of water and a water-miscible organic io 
solvent selected from lower aliphatic alcohols, ketones, esters, glycols, glycol ethers and glycol esters 
wherein 1 -70 weight percent of (D) is water and, 
(E) 1-10 percent, based on the weight of (A) of a curing agent. 

2. An aqueous coating composition as claimed in claim 1 , wherein (A) is present at 40 to 60 percent by 

15 weight; (B) is present at 30 to 70 weight percent; (C) is present at 2 to 6 weight percent; (D) is present at 50 to 15 
70 weight percent and contains 50 weight percent water and, (E) is present at 1 to 10 weight percent. 

3. An aqueous coating composition as claimed in claim 1 , substantially as herein described with 
reference to any of the specific Examples. 

4. A solid article coating with an aqueous coating composition as claimed in any of claims 1 to 3. 

20 5. An article as claimed in claim 4 wherein the coating has been cured. 20 
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